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I n t r o d u c t i o n  

Geophysicists have used data  obtained from demonstrated and 

apparent growth rhythms observed i n  s h e l l s  of f o s s i l  marine inverte- 

b ra t e  animals t o  calculate  the possible re la t ionship of the ear th  

and moon through prehis tor ic  t i m e  and t o  postulate the possible 

or igins  of the earth-moon system (see Munk and MacDonald, 1960; D i c k e ,  

1964; Runcorn, 1964, 1966; MacDonald, 1965; Lamar and Merrifield,  1966 

a, b; O'Keefe, 1966; and Pannella, MacClintock, and Thompson, 1968). 

Orton (19261, Barker (1964, 19681, and Pannella and MacClintock (1968) 

indicated t h a t  many marine, intert idal-dwelling clams do secrete 

growth increments t h a t  are clustered between major grooves or  bands 

t h a t  can be demonstrated t o  form annually. Orton showed t h a t  a 

prominent groove developed i n  the s h e l l s  of many clams l iv ing  i n  

cool temperate waters as a r e s u l t  of very slow t o  no growth of the 

s h e l l  during cold water conditions t h a t  accompany the  winter months. 

Pannella and MacClintock (1968) a l so  demonstrated t h a t  f i n e  growth 

increments w e r e  c lustered between major bands, such as those formed 

annually i n  populations' of Mercenaria mercenar ia  l i v ing  off the 

New England coast, 

Barker (19641, Berry and Barker (1968), and Pannella and 

MacClintock (1968) suggested t h a t  certain f ine  growth increments 

t h a t  may be observed clustered within the major, annually formed 

bands r e f l e c t  environmental rhythmic changes such as t i d e s  and w a t e r  

temperature changes coincident with the seasons. The focus of 

a t ten t ion  i n  t h i s  pro jec t  has been on the f ine  growth increments 

and clusters of them seen within the annually formed bands, The 

relat ionship of these s h e l l  growth increments t o  environmental 

phenomena has been sought and an attempt has been made t o  relate 

these features of the s h e l l s  seen i n  l i v iqg  animals t o  s imilar  

features  seen i n  the s h e l l s  of f o s s i l s .  



Many animals have been grown i n  the laboratory under a wide var ie ty  

of environmental conditions. The laboratory r e s u l t s  indicated t h a t ,  i n  

general, clillhs examined i n  the  laboratory growth experiments secrete 

s h e l l  material i n  r e l a t ion  to t h e i r  own innate (perhaps inheri ted)  

rhythms. N o  animals studied could be c lear ly  demonstrated t o  have 

formed s h e l l  growth material i n  response t o  the a r t i f i c i a l  environ- 

mental rhythms to  which they were subjected i n  the laboratory. 

Many other intert idal-dwelling clams were examined i n  t h e i r  na tura l  

habi ta t s .  Observations of s h e l l  ca l c i f i ca t ion  and growth of these 

clams indicated t h a t  m o s t  of these animals do secrete s h e l l  growth 

increments i n  r e l a t ion  t o  t i d a l  phenomena, Several of them a re  a l so  

influenced by seasonal environmental phenomena, par t icu lar ly  seasonal 

temperature change. Among m o s t  of the intert idal-dwelling clams 

examined, a f i n e  lamina appears t o  form i n  r e l a t ion  t o  each t i de .  The 

width of the lamina appears, i n  m o s t  species studied, t o  be about twice 

as  wide i n  young animals (less than 3 years of age) than i n  those older  

than 3 years. The f ine  laminae are a l so  wider i n  those animals l i v ing  

under conditions i n  which t i d a l  ac t iv i ty  is  l i t t l e - f e l t  by the animal. 

C l a m s  l i v ing  a t  depths grea te r  than those i n  which t i d a l  ac t iv i ty  i s  

s ign i f i can t  may not  secrete growth increments i n  any apparent re la t ion-  

ship t o  t idal  ac t iv i ty ;  indeed, most clams l i v ing  a t  depths beneath 

those of most conspicuous t i d a l  ac t iv i ty  secrete s h e l l  growth incre- 

ments i n  response t o  environmental phenomena other than those connected 

with the t i d a l  cycle. These observations thus indicate  tha t ,  f o r  use 

i n  analysis of the  t i d a l  cyc l ic  phenomena i n  the  geologic pas t ,  she l l s  

of f o s s i l  clams tha t ,  i n  grea tes t  probabi l i ty ,  l ived within the in te r -  

t i d a l  i n t e rva l  should be examined. 

C u r r e n t  a s p e c t  of the s t u d y  

The main d i rec t ion  of the study i n  the pas t  f e w  months has been 

toward analysis of the  data obtained from observation of she l l  growth 

i n  animals t h a t  w e r e  marked and allowed t o  grow i n  the natural  habi ta t  

for  periods of t i m e  up t o  3 years. This aspect of the study has become 

increasingly important because var ia t ions seen among s h e l l s  of l iv ing  

animals, even those of the same species col lected a t  the same place, 

suggest that in te rpre ta t ions  of s h e l l  growth increments among f o s s i l  
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she l l s  on which geophysical calculat ions are  based may provide misleading 

and erroneous data  unless grea t  care is  taken i n  se lec t ing  the f o s s i l  

s h e l l s  f o r  examination. Furthermore, r e l a t ive ly  l i t t l e  is  known of day- 

to-day and month-to-month responses of l iv ing  c l a m s  t o  t h e i r  natural  

environments. 

To more comprehensively examine the environmental influences on 

l iv ing  clams, several  hundred specimens from populations of Chione 

u n d a t e l l a  l iv ing  i n  Cholla Bay, Sonora, Mexico,and from Coyote Cove, 

Concepcion Bay, Baja California w e r e  studied closely a t  in te rva ls  of several  

weeks a t  a t i m e  f o r  up t o  3 years. Examination of several  hundred specimens 

of Chione undate l la  from Sonora Bay t h a t  w e r e  marked and col lected a t  

in te rva ls  over a nearly 3-year period has shown t h a t  a prominent 

groove is  formed i n  the s h e l l  of a l l  m e m b e r s  of t h i s  species during the 

winter. The animals secrete f ine  growth increments t h a t  are clustered,  and 

the c lus t e r s  are seen as ridges on the  s h e l l  surface,  during the spring, 

summer, and f a l l .  The c lus t e r s  number approximately f i f t een  f ine  growth 

increments to  each ridge. The f ive  increments are considered to  have formed 

i n  r e l a t ion  t o  each t i d e ,  and each c lus t e r  of 15 i s  considered t o  r e f l e c t  

for tn ight ly  t i d a l  ac t iv i ty .  To a degree, the  seasons a re  ref lected i n  

the r e l a t ive  s i ze  of the ridges and grooves t h a t  are spaced between the 

annually formed grooves. Moderately s ized f ine  growth increments and 

thus moderately spaced ridges develop during the spring and ear ly  summer. 

Widely spaced f ine  growth increments and the  r e su l t an t  widely spaced 

ridges form during the summer months. Very f ine  growth laminae and s m a l l  

r idges develop during the f a l l .  These differences i n  the f i n e s t  growth 

increments a re  most conspicuous i n  young animals. Older animals (those 

4 years old and older) do not have such conspicuously d i f f e ren t  ridge 

s izes .  Month-to-month sampling suggests t h a t  the actual  season of growth 

of the s h e l l  becomes progressively less 'wi th  increased age, with the 

growth season shortened t o  but  a few months during the in t e rva l  between 

late spring and ear ly  f a l l  i n  old animals. 

Individuals from a population of Chione u n d a t e l l a  l iv ing  i n  Coyote 

Cove off Concepcion Bay i n  B a j a  California were examined and compared 

with the  individuals from Cholla Bay as a test of the e f f e c t  of environ- 

mental changes on members of the same species l iv ing  a t  the same t i m e  



but  i n  d i f f e ren t  areas with somewhat d i f f e ren t  environments and s l i g h t l y  

d i f f e ren t  seasonal changes. Seawater temperatures i n  Concepcion Bay are  

w a r m e r  during m o s t  of the  year than are those i n  Cholla Bay. The temper- 

a ture  difference i s  most marked during the f a l l  and winter months, during 

which t i m e  seawater temperatures i n  Cholla Bay are an average of 8 t o  10 

degrees centigrade colder than i n  Concepcion Bay. A l l  of the Concepcion 

Bay specimens examined had a prominent groove t h a t  formed during the 

winter, j u s t  as i n  the  Cholla Bay specimens. The s i ze  of the f ine  growth 

increments among young individuals and the  number of ridges formed from 

c lus t e r s  of these f ine  growth increments indicate  t h a t  s h e l l  growth i n  

tihe Concepcion Bay individuals continued longer in to  the f a l l  and the 

hiatus  i n  s h e l l  growth was shorter  i n  duration than i n  the Cholla Bay 

individuals.  Further, a markedly greater  range i n  var ia t ion i n  s i ze  of 

the f ine  s h e l l  growth increments w a s  noted among the Concepcion Bay 

individuals than t h a t  seen among the Cholla Bay individuals.  The older 

animals i n  the Concepcion Bay population appeared to  have spent longer 

periods without adding t o  t h e i r  s h e l l s  than d id  animals of the same age 

from Cholla Bay. 

This comparative study thus indicates  t h a t  s h e l l s  of individuals of 

the same species and of the same age may vary widely, depending upon loca l  

environmental differences.  She l l  growth is  c lear ly ,  i n  the case of the 

t w o  populations of  Chione u n d a t e l l a  examined, r e f l ec t ive  of the loca l  

environmental conditions, although the overa l l  s h e l l  growth pat tern is  

s i m i l a r  i n  t h a t  it r e f l e c t s  seasonal changes and t i d a l  ac t iv i ty .  Further- 

more, older individuals of these species are not as responsive t o  environ- 

mental changes and,hence,the p a r t s  of the s h e l l s  secreted by the mature 

animal are not accurate indicators  of environmental rhythms. 

I n  addition t o  these differences observed i n  c losely studied popu- 

l a t ions  of Chione u n d a t e l l a ,  specimens of Mercenar ia  mercenar ia  from a 

number of localities along the  Atlant ic  Coast f r o m  the Carolinas north- 

ward i n t o  New England have been examined with possible l a t i t ud ina l  and 

water temperature differences i n  mind, Examination of the  she l l s  of t h i s  

species indicates  t h a t  those animals l iv ing  i n  colder waters had very 

l i t t l e  s h e l l  growth during the winter months compared with those animals 

l i v ing  i n  warmer waters. Further, the f ine  growth increments i n  the 
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animals l iv ing  i n  w a r m e r  waters tended t o  be wider than those i n  the 

colder waters. 

A number of s h e l l s  from clams t h a t  l ived i n  w a r m  waters of the 

Indo-Pacific w e r e  a l so  studied closely.  Many of these species did 

exhib i t  some form of major groove on the s h e l l  which apparently developed 

annually. Species such as CucuLlaea l a b i a t a  have s h e l l s  t h a t  appear t o  

have been secreted continuously throughout the year,  without a cessation 

of s h e l l  growth i n  the winter. The idea l  time-keepers and r e f l ec to r s  

of t i d a l  ac t iv i ty ,  from the poin t  of view of determining t i d a l  ac t iv i ty  

from study of the s h e l l  growth increments, appear t o  be r e l a t ive ly  rare 

among clams dwelling i n  temperate t o  cold waters but m o r e  common among 

w a r m  water dwellers. 

These r e s u l t s  of a long-term study of s h e l l  growth among l iv ing  

a n i m a l s  suggest t ha t ,  i n  any study of f o s s i l  clam s h e l l s  t o  r e l a t e  s h e l l  

growth increments t o  t i d a l  a c t i v i t y  of the past, care must be taken t o  

choose not only animals t h a t  l ived  i n  i n t e r t i d a l  conditions but  a l so  

those animals t h a t  l ived i n  warm w a t e r s .  Selection of animals t h a t  l ived 

i n  cool waters and a l so  close study of the s h e l l  growth increments i n  

the mature p a r t s  of the  s h e l l  of older  animals may lead t o  erroneous 

conclusions. Any data  put  forward concerning t i d a l  ac t iv i ty  a s  deduced 

. from a study of clam s h e l l  growth increments must be viewed with caution. 

Numbers of specimens need t o  be examined and s h e l l  growth increment 

counts handled s t a t i s t i c a l l y  t o  obtain useful numbers t h a t  a re  not  biased 

by var ia t ion i n  s h e l l  growth from individual t o  individual of the same age 

and by var ia t ion among animals of d i f f e ren t  ages. This aspect of the 

pro jec t  has revealed how closely t i e d  individual responses are ,  even 

among clams, t o  local environmental conditions and how closely s h e l l  

s t ruc tures  may simply r e f l e c t  what has happened t o  any individual during 

i t s  life-time. These individual var ia t ions of s h e l l  s t ruc ture  among 

individuals of the same age from the same place thus suggest t h a t  numbers 

useful t o  geophysical invest igat ions t h a t  a re  derived from clam s h e l l  

growth e lements  must result: from a large volume of data. Numbers used 

i n  geophysical calculations derived from a few individuals can eas i ly ,  

and probably w i l l ,  lead t o  erroneous conclusions. 
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T h e  f u t u r e  

In  the  future ,  m o r e  data w i l l  be amassed concerning the responses of 

the l i v ing  animal t o  local environmental conditions. Some more data f r o m  

study of f o s s i l  s h e l l s  w i l l  be obtained, with par t icu lar  a t ten t ion  t o  

s h e l l s  of animals from the Mesozoic. Shel ls  from t h a t  p a r t  of the 

geologic column are perhaps m o s t  useful t o  any speculative consideiations 

derived from clam s h e l l  growth s tudies  because the Mesozoic i s  the t i m e  

t h a t  has been suggested t o  be the in t e rva l  during which or ig ina l  large 

continental  p l a t e s  broke up and d r i f t e d  apar t  and t h a t  sea-floor spreading 

w a s  most pronounced i n  i t s  e f f ec t .  Such e f f ec t s  should be re f lec ted  i n  

t i d a l  a c t i v i t y  which should, i n  turn,  have l e f t  its imprint on those 

clams t h a t  do secrete s h e l l  growth increments i n  response t o  t i d a l  act iv-  

i t y .  Furthermore, warm water seas w e r e  apparently r e l a t ive ly  widely 

spread during much of the  Mesozoic. 

References 

Barker, R. M e ,  "Microtextural Variations i n  Pelecypod Shel ls ,"  

Malacologia,  2, 69-86, 1964. 

Barker, R. Me, "Fossil  Shell-Growth Layering and the Periods of the Day 

and Month During Late Paleozoic and Mesozoic Time,"Abstract, A b s t r a c t s  

for 1966: Geol. SOC. America S p e c i a l  P a p e r ,  101, 10-11, 1968. 

Berry, W. B. N .  and Barker, R. M.,  "Fossil  Bivalve Shel ls  Indicate 

Longer Month, Y e a r  i n  Cretaceous than Present," Nature ,  217, N o .  5132, 

938-939, 1968. 

Dilcke, R, H., T h e  Theoretical S i g n i f i c a n c e  of  Experimental  R e l a t i v i t y ,  

New York, Gordon and Breach, 1964. 

Lamar, D. L. and Merifield, P. M., "Length of Devonian Day from Scrutton's 

Coral D a t a , "  J. Geophys. R e s . ,  7 1 ,  4429-4430, 1966a. 

Lamar, D. L e  and Merifield, P. M., "Age and Origin of the Earth-Moon 

System Revealed by Coral Growth Lines, ' Abstract , 
Geophys. Union, 47, 486, 196633. 

T r a n s  Amer e 

MacDonald, G. J. F. ,  "Origin of the Moon: Dynamical Consideration," 

Ann. N .  Y. Acad. S c i , ,  118,  739-782, 1965. 



7 

Munk, W e  H, and MacDonald, G. L, F., T h e  R o t a t i a n  of the E a r t h ,  Cambridge 

University Press, 250 pper 1960. 

O ' K e e f e ,  J. A-, "The Origin of the Moon and the Core of the Earth," i n  

The  Moon-Earth S y s t e m ,  Be G. Marsden and A. G. W. Cameron, e&., 

N e w  York, Plenum Press, 224-233, 1966. 

Orton, J. H., "On Lunar Per iodici ty  i n  Spawning of Normally Grown Falmouth 

Oysters (0. e d u l i s )  i n  1925, with a Comparison of the Spawning 

Capacity of Normally Grown and Dumpy Oysters," Marine B i o l .  Assoc. 

U. K . ,  J o u r . ,  1 4 ,  195-225, 1926. 

Pannella, Giorgio and MacClintock, Copeland, "Biological and Environmental 

Rhythms Reflected i n  Molluscan Shel l  Growth," J. P a l e o n t o l o g y ,  42, 

Pa r t  2 ,  64-80, 1968. 

Pannella, Giorgio, MacClintock, Copeland, and Thompson, M. N . ,  "Paleon- 

tological  Evidence of Variations i n  Length of Synodic Month Since 

Late Cambrian," Science, 162, N o .  3855, 792-796, 1968. 

Runcorn, S. K., "Changes i n  the Earth 's  Moment of Ine r t i a , "  Nature,  204, 

823-825, 1964. 

Runcorn, S. K., "Corals as Paleontological Clocks , Sc ien t i f i c  A m e r i c a n ,  

225 ,  26-33, 1966. 

P a r t i c i p a t i n g  Personnel 

Professor W i l l i a m  B. N. Berry -- Principal  Investigator 

Professor J. W. Durham -- Associate Investigator 

D r .  Richard M. Barker -- Project  p i rec tor  


